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- The MAILING DATE of this communication appears on the cover sheet with the correspondence address - 
Period for Reply 



A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

• If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )M Responsive to communication(s) filed on 28 December 2004 . 
2a)|3 This action is FINAL. 2b)D This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213. 

Disposition of Claims 

4) D Claim(s) 1-39 is/are pending in the application. ' 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) (3 Claim(s) 1-39 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) D Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) D The specification is objected to by the Examiner. 

10) Q The drawing(s) filed on is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1 .85(a). 
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

11) D The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

1 2) D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 1 9(a)-(d) or (f). 
a)D All b)D Some * c)D None of: 

1 .□ Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. . 

3. D Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 
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DETAILED ACTION 
Response to Amendment 

1 . The numbering of claims is not in accordance with 37 CFR 1 .1 26 which requires 
the original numbering of the claims to be preserved throughout the prosecution. When 
claims are canceled, the remaining claims must not be renumbered. When new claims 
are presented, they must be numbered consecutively beginning with the number next 
following the highest numbered claims previously presented (whether entered or not). 

Misnumbered claims, second claim 33 through claim 38 have been renumbered 

34-39. 

2. The text of those sections of Title 35, U.S. Code not included in this action can 
be found in a prior Office action. 

3. Claims 1-4, 8, 9, 10, 11-15 and 17 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Li et al. US 6,075,293 in combination with Dixit et al. US 6,355,558 
B1. 

re claim 1, the Li et al. reference discloses a method of forming a metal wiring 
layer "to enhance electromigration resistance" (abstract) comprising: 

forming an insulating pattern 38 including a recess region 40/42.on an integrated 
circuit substrate 36; 

forming a metal layer in the recess region and on a top surface of the insulating 
pattern, col. 3, lines 54-55; removing the metal layer form the top surface of the 
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insulating pattern adjacent the recess region and form an upper portion of the recess 
region to form a plug 46/48, fig. 2 and col. 3, line 56- col. 4, line 5; 

forming an aluminum film 50 on the metal layer 46/48 by either PVD or CVD, col. 
4, lines 9-10. 

re claims 2 and 11, wherein removing the metal layer comprises etching or CMP 
the metal layer, col. 3, lines 61-62.; wherein forming a metal layer comprises forming a 
tungsten layer, col. 3, line 50. 

re claims 3-4, wherein forming a metal layer in the recess region is preceded by 
forming a barrier metal film 44 on inner walls of the recess and on the top surface of the 
insulating pattern adjacent the recess region, the barrier film comprises TiN and/or 
Ti/TiN, col. 3, lines 25-42. 

re claims 14-15, wherein forming an insulating pattern 38 is preceded by forming 
a conductive region 22 on the integrated circuit substrate 36 and wherein the recess 
region comprises a contact hole 40 extending to the conductive region and forming a 
metal layer includes forming a metal plug 46 in the contact hole, fig. 2; wherein the 
recess region comprises a trench 42. 

The Li et al. reference does not disclose forming a "metal" film on the aluminum 
film (the last step of claim 1 and claim 10) or in another words, the aluminum film is a 
multi-layer of aluminum (in re claim 10) wherein the first layer of the multi-layer 
aluminum film is CVD aluminum (re claim 6) and the second layer of the multi-layer 
aluminum film is PVD aluminum (re claim 9); the process temperature and the material 
source used in accord with the formation of the multi-layer aluminum film (re claims 5, 7- 

'(. 
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8, 13 and 17) with a specific thickness (re claim 16); and the metal layer of tungsten 
deposition is by CVD or ALD in a specific temperature (re claim 12) though Liet al. 
teaches "various metal deposition technique" such as "PVD, CVD or PECVD" are 
known, col. 3, lines 39-42 (re claim 13). 

The Dixit et al. reference discloses a method of forming a metal wiring layer to 
"make the control and minimization of electromigration difficulty" (col. 1, lines 60-61) 
comprising: 

forming an insulating film pattern 26 including a recess region on a 
semiconductor substrate, fig. 1 ; 

forming a barrier metal film 42/44 on inner walls of the recess region and on a top 
surface of the insulating film pattern fig. 2C; 

forming a metal layer 46 of refractory metal, col. 4, line 63, such as tungsten, col. 
4, lines 16-17 by CVD or PVD (re claims 10 and 13), col. 5, line 5, on the barrier metal 
film 42/44; 

forming an aluminum film 48 on the metal 46 and the insulating film pattern 26 by 
CVD (re claim 6) to the thickness of 100-1500 angstroms (re claim 16), col. 5, lines 30- 
46 and fig. 2D; 

forming a metal film 50 of aluminum alloy (re claim 9) on the aluminum film by 
PVD at a temperature of about 200-500 °C (re claim 8), col. 5, lines 47-64. 

The back end processing steps following forming a metal layer are performed at 
process temperatures less than the reflow temperature of the metal layer (re claim 17), 
col. 5, line 65 - col. 6, line 7. 
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The forming an insulating pattern 26 is preceded by forming a conductive region 
21 on the integrated circuit substrate 20 and the recess region comprises a contact hole 
and trench 34 extending to the conductive region 22, fig. 1 (re claim 14). 

The Dixit et al. reference does not teach the metal layer 46 on the barrier metal 
film filling up the recess region being removed to form a plug. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to apply the multilayer aluminum film of Dixit et al. in the 
interconnect structure formation of Li et al. as the multiplayer aluminum film would be 
selected in order to control and minimize electromigration difficulty (Dixit et al.'s col. 1, 
lines 60-61 and col. 5, lines 40-41, e.g.) in the multilayer formation as taught by Li et al. 

Alternatively, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to apply the plug formation of Li et al. into the structure of 
Dixit et al. as the plug would be selected in order to enhance electromigration resistance 
(Li et al.'s abstract) to form filled vias in the multi-level metal structure (col. 3, line 67 - 
col. 4, line 1) in the metal interconnect formation as taught by Dixit et al. 

The combination does not disclose the temperature when forming the tungsten 
layer. Choice of temperature in the formation of elements would have been a matter of 
routine optimization because temperature is known to affect device properties and 
would depend on the desired device density on the finished wafer and the desired 
device characteristics. One of ordinary skill in the art would have been led to the recited 
temperature through routine experimentation to achieve desired deposition and reaction 
rates. 
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4. Claims 5-7 and 18-39 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Li et al. US 6,075,293 in combination with Dixit et al. as applied to claims 1-4, 8-9, 
11-15 and 17 above, and further in view of Clevenger et al. US 6,448,173 B1, Lee et al. 
US 6,586,340 B2, Lee KR1 02002000901 3 A (provided by applicant) and applicant's 
admitted prior art. 

The combination discloses substantially all of the invention but does not 
disclose the temperature in forming CVD-AI (re claim 5, and claim 18 and its 
dependents) and an organometallic compound in the CVD aluminum film formation (re 
claim 7). 

The Clevenger et al. reference discloses a method of forming aluminum 
interconnects "to improve electromigration characteristic" (abstract) comprising a lower 
aluminum layer 30 is a "low temperature" film deposited by CVD at generally below 300 
°C and the upper aluminum layer 32 is preferably deposited by PVD at a temperature 
that is sufficiently high to promote atom mobility at about 375-450 °C, col. 5, lines 37 to 
44. The Lee KR1 02002000901 3 A reference discloses the metal film could be formed 
by PVD at about -20 to 400 °C. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to modify the multi-layer aluminum film of the combination by the 
aluminum deposition of Clevenger et al. at the recited temperatures in order to form the 
metal film of aluminum (the second layer of the multi-layer aluminum film) on the 
aluminum film (the first layer of the multi-layer aluminum film) that improve and control 
electromigration difficulty as the CVD and PVD would be selected in accordance with 
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the aluminum interconnect formation as taught by the combination. The use of 
temperature at -20 °C in the PVD technique is well known to those skilled in the art as 
taught by Lee KR1 02002000901 3 A. 

The Lee et al. reference discloses "a precursor formed of an organometallic 
compound, such as dimethylaluminum hydride (DMAH), trimethylamine alane (TMAA), 
dimethylethylamine alane (DMEAA), or methvlpyrroiidine alane (MPA), may be used as 
the aluminum source, col. 4, lines 28-47. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to provide the combination process with the precursor form of an 
organometallic compound as taught by Lee et al. The use of precursor form of an 
organometallic compound in CVD process is well known to those skilled in the art as 
taught by Lee et al. 

Re claims 33 and 39, applicant's admitted prior art, in the paragraph that bridges 
pages 6-7, teaches that conventional PVD equipment without a heater is known at the 
time of the invention. Therefore, it would have been obvious to one of ordinary skill in 
the art at the time of the invention to use conventional equipment without a heater in 
forming a metal film by PVD. 
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Response to Arguments 

5. Applicant's arguments filed 12/28/2004 have been fully considered but they are 
not persuasive. 

6. Applicant states some of the true facts in the paragraphs on page 9 of the 
Remark and combines them different from the rejection. The examiner does not agree. 
The combination of Li et al. with Dixit et al. is stated the above rejection wherein the Li 
et al. reference different from the instant invention by the multi-layer aluminum film. The 
forming an aluminum film 50 of Li et al. (the claimed aluminum film) by either PVD or 
CVD is modified by and/or combined with the forming an aluminum film 48 of Dixit et al. 
(the claimed aluminum film) by CVD then forming a metal film 50 of aluminum alloy (the 
claimed metal film) by PVD on the aluminum film. Alternately, the metal layer 46 of Dixit 
et al. is modified by the formation of the metal plug of Li et al. Both combinations are 
given with appropriate reasons. The difference between claim 1 and claim 18 is the 
temperatures of the two steps of deposition of CVD and PVD aluminum or in other 
words, claim 1 8 is the combination of claims 1 , 5 and 8. 

7. In response to the argument in the first paragraph on page 1 0 stating that "the 

Office action relies on nothing more than a discussion of 'electromigration' in each of the 

references as a motivation to combine the references", the examiner does not agree. 

The analogous of the two references is good enough to combine. Further, the metal 
A 

plug of Li is not the one that provides electromigration benefits in the structure of Dixit. 
Applicant is directed to Li et al.'s Background and Summary of the Invention and the 
same in Dixit's to see the explanation. 



Application/Control Number: 10/649,154 Page 9 

Art Unit: 2823 

8. In response to the argument in the last paragraph on page 10, applicant admits 
that "Dixit and Clevenger, the only references cited for temperature condition" but states 
that "no suggestion or motivation to select conditions within the various recited ranges 
of the present application". Applicant is request to re-read the previous office action 
page 5 after the disclosure of Clevenger to see that. Newly added claims are addressed 
in this Office action. 

9. In response to the paragraph on page 1 1 about the thickness of the aluminum 
film, applicant is also directed to the previous Office action page 4, line 5 in the 
disclosure of Dixit. 

Conclusion 

10. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

11. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 .136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
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the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 
1 2. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Thanh V. Pham whose telephone number is 571-272- 
1866. The examiner can normally be reached on M-T (6:30-5:00). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Olik Chaudhuri can be reached on 571-272-1 855. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 



TvP 

03/04/2005 




Primary Examiner 



